Recent developments in the CTEQ-TEA global QCD analysis are presented. The parton distribution functions CT10-NNLO are described, constructed by comparing data from many experiments to NNLO approximations of QCD.
were presented at DIS2012 [8] and will be described here. A longer paper on CT10 NNLO is in preparation. The CT10 NNLO PDFs are now available in the LHAPDF library. In the near future, a new release of NLO and NNLO PDFs, named CT12, will include available data from LHC experiments. Some preliminary results of the CT12 analysis were also presented at DIS2012 [8] .
Selection of data. At NLO, the main distinction between CT10 and CT10W sets concerns the inclusion of the D0 Run-2 W electron and muon asymmetry [11] , A (y ), that constrains the behavior of the ratio d(x, Q/u(x, Q) at x > 0.1. The CT10 NLO set does not include the D0 Run-2 A data, while the CT10W NLO set includes 4 p T bins of A . The CT10 NNLO analysis includes all data sets that were used in the NLO fits, with the exception of the Tevatron Run-1 inclusive jet cross sections [9] that have been superceded by more precise Tevatron Run-2 jet cross sections [10] ; and the D0 Run-2 A data sets, of which only most inclusive (best understood) bins of p T are included in both the electron and muon channel. Since CT10 NNLO includes only a part of the D0 A data that distinguishes between CT10 NLO and CT10W NLO, it can be treated as a counterpart of either the CT10 NLO or CT10W NLO PDF set.
Overview of the PDFs. Figure 1 gives an overview of the CT10 NNLO PDFs. Four PDFs are shown:
The vertical axis is x f (x, Q). The CT10 NNLO PDFs are illustrated by plotting all the error PDFs; hence the figure shows not only the central fit but also the uncertainty ranges. The dashed curves are the central-fit CT10 NLO PDFs.
Both NLO and NNLO fits have about the same χ 2 /N pt ≈ 1.1 for N pt = 2700 data points. Slide 5 in Ref. [8] shows a more complete comparison of CT10 NNLO to CT10W NLO, for Q = 2 GeV and for thre parton flavors, g, u, andū. The various PDFs are plotted as a ratio to the central CT10W NLO. The curves are the ratios of the central CT10 NNLO to CT10W NLO. The shaded regions are the error bands for the PDFs (both NLO and NNLO). The central NNLO PDFs differ from the central NLO PDFs, but the difference is comparable in size to the error bands. The error band for NNLO is slightly smaller than for NLO.
Compared to CT10W NLO, the NNLO PDF set at a small scale Q has a suppressed gluon and increased sea quarks at x < 10 −2 , reduced g(x, Q) and d(x, Q) at x > 0.1, and very different charm and bottom PDFs (slide 6 in [8] ). The reduction in g(x, Q) Compared to MSTW'08 NNLO, the central CT10 NNLO gluon PDF is somewhat harder at x < 10 −3 and x = 0.1 − 0.5, and softer at x > 0. 5 (slide 9 in [8] Predictions for the LHC. In a future paper we will provide detailed comparisons of theory and data, where the theory is calculated from the CT10 NNLO PDFs. Here we collect some representative cross sections for the hadron colliders. Table 1 compares predictions for total cross sections for W , Z and Higgs boson production via gluon fusion (with Higgs mass of 125 GeV) at the Tevatron and the LHC (with √ s =7 and 14 TeV). The comparison is between CT10 NLO, CT10 NNLO, and MSTW'08 NNLO. The CT10 NNLO central PDF increases the total cross sections by a few percent compared with CT10 NLO accuracy and is close to MSTW'08. Theoretical uncertainties from alternative PDF sets for CT10 NNLO are similar to those for CT10, and in W/Z production they are about twice as those for MSTW'08. Fig. 2 shows the comparison of ATLAS data [14] with ResBos [15] predictions for Z and Wlepton rapidity distributions at the LHC ( √ s = 7 TeV) using CT10 NNLO PDFs. Theoretical uncertainty bands were calculated using the error PDF sets. The ResBos prediction of Z and W + -lepton rapidity distribution, using the central PDF set, is higher than ATLAS data by a few percent. However, for W − -lepton rapidity distribution, the ResBos prediction is more consistent with ATLAS data. It is expected that these data could further refine the PDFs at the NNLO accuracy. PT GeV Ratio to CT10NNLO theory Figure 3 : Comparison of ATLAS data for inclusive jet p T distribution with a theoretical prediction using CT10 NNLO. Fig. 3 compares the ATLAS data for inclusive jet transverse momentum distribution with theoretical predictions based on the NLO matrix elements and CT10 NNLO PDFs. They agree well even without including the systematic shifts, except for the large rapidity region. After accounting for the systematic shifts, the reduced χ 2 is 0.78 for the measurement with R=0.4 and 0.76 for the one with R=0.6. The effect of the LHC data on the PDFs will be explored in the CT12 analysis.
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